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INTRODUCTION 
The Redmond Paired Watershed Study (RPWS) is one of several effectiveness monitoring studies 
that was selected for implementation starting in 2014 for the Stormwater Action Monitoring 
(SAM) program for Puget Sound. The goal of effectiveness monitoring under the SAM program 
is to provide widely applicable information for improving stormwater management in the 
region. Phase I and Phase II Municipal Stormwater Permittees in the Puget Sound Region 
contribute to a Pooled Stormwater Resources Fund that supports the SAM program and 
associated effectiveness monitoring studies. Selection of the RPWS for implementation under 
the SAM program was made based on a monitoring proposal that was presented to permittee 
representatives at workshops that were held on March 20, 2014, and May 6, 2014. The specific 
study question to be addressed through the RPWS is as follows: 

How effective are watershed rehabilitation efforts at  
improving receiving water conditions at the watershed scale? 

To address this study question, a conceptual experimental design for the RPWS was 
subsequently developed and summarized in the Redmond Paired Watershed Study Experimental 
Design Report (Herrera 2015a). This conceptual experimental design was informed by a literature 
review (Herrera 2015b) that was conducted to identify lessons learned from past studies that 
have been implemented to achieve similar objectives. The conceptual experimental design was 
also developed based on input from a technical advisory committee that was formed for the 
study. This technical advisory committee includes representation from the following jurisdictions 
and agencies: 

City of Redmond 

City of Seattle 

King County 

Kitsap County 

US Environmental Protection Agency 

US Geological Society 

Washington State Department of Ecology (Ecology) 

Building on this previous work, a Quality Assurance Project Plan (QAPP) was developed to guide 
the implementation of all subsequent phases of the RPWS (Herrera 2015c). This QAPP 
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documents the experimental design and procedures that will be used during data collection, 
processing, and analysis to ensure all results obtained for the RPWS are scientifically defensible. 

Monitoring pursuant to this QAPP initiated in 2016 and is anticipated to continue for a 10-year 
timeframe. Data summary reports will be prepared on an annual basis over this period to 
summarize compiled monitoring data collected through each of the major components of the 
RPWS. These reports will also document any quality assurance issues associated with these data 
and resultant limitations (if any) on their use or interpretation. Finally, these reports will 
document all rehabilitation efforts that have been implemented by the City of Redmond (City) 
over the previous year. Included will be detailed information on the design and operational 
status of structural stormwater controls and the frequency and geographic extent of 
nonstructural stormwater control implementation. Each annual data summary report will 
document this information based on monitoring that was conducted over the previous water 
year (i.e., October through September). Data collected over water year 2016 (WY2016) were 
summarized in Herrera (2017). 

In years 4, 6, 8, and 10 of the RPWS’ implementation, trend analyses reports will also be 
prepared as companion documents to the data summary reports described above. These reports 
will summarize the results of statistical analyses that will be performed on the compiled data 
from all previous years of monitoring to detect potential relationships between rehabilitation 
efforts and improved receiving water conditions. Each report will also present major conclusions 
from these analyses. 

This document represents the data summary report for monitoring that occurred over water 
year 2017 (WY2017) for the RPWS. It is organized to include the following sections: 

• Background – An explanation of why the project is needed 

• Experimental Design – The sampling process design for the study, including sample 
types, monitoring locations, and sampling frequency 

• Sampling Procedures – A description of any major deviations from the sampling 
procedures that were identified in the QAPP for the study (Herrera 2015c). 

• Rehabilitation Effort Summary – A description of all watershed rehabilitation efforts 
that were implemented by the City over the preceding water year. 

• Monitoring Results Summary – A summary of compiled monitoring data collected 
through each of the major components of the study over the preceding water year. 
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BACKGROUND 
Municipal Stormwater Permits are issued by Ecology to regulate discharges from separated 
storm sewers owned or operated by Phase I and Phase II cities and counties. The Municipal 
Stormwater Permits establish the minimum requirements for permittees to address existing and 
future impacts to receiving waters from urbanization. Municipal Stormwater Permits require 
cities and counties to execute programmatic (nonstructural) activities and establish design 
standards for stormwater structural controls triggered by development (onsite stormwater 
management, runoff treatment, and flow control facilities). In theory, if all developed land in a 
watershed is equipped with nonstructural and structural stormwater controls, the receiving 
water would be protected from hydrologic and water quality impacts caused by urbanization. 
However, while the effectiveness of nonstructural and structural controls has been well 
documented at the site and parcel scale, limited data exists on the effectiveness of these 
controls in aggregate for improving conditions in receiving waters at the watershed scale 
(Herrera 2015b). 

In February 2014, Ecology approved a Citywide Watershed Management Plan (WMP) (Herrera 
2013) for the City that allows use of a watershed approach for stormwater management 
pursuant to the Municipal Stormwater Permit, Section 303(d) of the Clean Water Act, and 
salmon recovery. Through the implementation of this WMP, the City will focus stormwater best 
management practices (BMPs) in a subset of priority watersheds that are moderately impacted 
by urbanization and therefore expected to respond more quickly to rehabilitation efforts. This 
provides a unique opportunity to study the effectiveness of stormwater BMPs for improving 
receiving water conditions on an accelerated time frame and at a watershed scale. Recognizing 
this opportunity, the City is implementing the RPWS to quantify improvements in receiving 
water conditions with support from the SAM program. 
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EXPERIMENTAL DESIGN 
As described in the Introduction to this report, the specific study question to be addressed 
through the RPWS is as follows: 

How effective are watershed rehabilitation efforts at  
improving receiving water conditions at the watershed scale? 

In this context, rehabilitation efforts could include any of the following practices: 

• Stormwater management retrofits in upland areas that would include facilities for onsite 
stormwater management (e.g., low impact development [LID] practices), runoff 
treatment, and flow control 

• Riparian and in-stream habitat improvements 

• Programmatic practices for stormwater management 

To answer the study question identified above, the experimental design for the RPWP has two 
primary components: 

• Status and Trends Monitoring: routine and continuous measurements of various 
hydrologic, chemical, physical habitat, and biological indicators of stream health over an 
extended time frame to quantify improvements in receiving water conditions in response 
to watershed rehabilitation efforts. 

• Effectiveness Monitoring: measurements of hydrologic and chemical parameters over a 
relatively short timeframe to document the effectiveness of specific structural stormwater 
controls that have been constructed to improve receiving water conditions. 

The Status and Trends Monitoring utilizes a “paired watershed” experimental design that 
involves collecting these measurements in seven watersheds categorized as follows: 

• Three “Application” watersheds with wadeable lowland streams that are moderately 
impacted by urbanization and prioritized for rehabilitation efforts pursuant to the WMP. 

• Two “Reference” watersheds with relatively pristine wadeable lowland streams that do 
not require rehabilitation. 

• Two “Control” watersheds with wadeable lowland streams that are significantly impacted 
by urbanization and not currently prioritized for rehabilitation. 
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Table 1 identifies the name, predominant land use/cover, and size of each watershed; the 
location of all the watersheds is shown in Figure 1. A detailed summary of conditions within each 
watershed is also provided in the QAPP that was prepared for the study (Herrera 2015c) with 
information on planned rehabilitation efforts in the Application watersheds as applicable. 

Table 1. Application, Reference, and Control Watersheds for the 
Redmond Paired Watershed Study. 

Watershed Name 
Watershed 

Type 
Dominant Land 

Use/Cover 

Watershed Total 
Area 

(acres) 

Watershed Areas 
Inside Redmond 

(acres) 

Evans Creek Tributary 108 Application Residential 397 NAa 

Monticello Creek Application Residential/Commercial 345 264 
Tosh Creek Application Residential/Commercial 299 276 
Colin Creek Reference Forest 1,990 90 
Seidel Creek Reference Forest 1,188 615 

Country Creek Control Residential/Commercial 212 212 
Tyler’s Creek Control Residential/Commercial 168 167 

NA = Not applicable 

Fixed monitoring stations were established in each watershed for monitoring various indicators 
of stream health. Due to the scale of the RPWP and the anticipated lag between applying 
stormwater controls and resultant improvements in receiving water conditions, quantifying a 
cause and effect relationship between these events may take many years. Therefore, monitoring 
at the fixed monitoring stations will occur over an anticipated 10-year timeframe. Furthermore, 
because the effectiveness of watershed rehabilitation practices (e.g., stormwater retrofits, in-
stream habitat improvements, and programmatic practices) may vary for different types of 
receiving water impairments, a broad suite of indicators for assessing potential improvements 
are being monitored within the following categories: hydrologic, water quality, physical habitat, 
sediment quality, and biological. The pattern of interest will be evidence that receiving water 
conditions are improving based on one or more of these indicators in the Application 
watersheds while conditions in the Reference and Control watersheds remain relatively static. 

The following subsections provide more detailed information on the Status and Trends 
Monitoring and Effectiveness Monitoring, respectively, including the monitoring stations, 
measurement frequency, indicators, and data analysis methods where applicable. 
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STATUS AND TRENDS MONITORING 
This section describes the monitoring stations, measurement frequency, indicators, and data 
analysis methods that will be used for the Status and Trends Monitoring component of the 
RPWS. This information is organized under separate subsections for the following monitoring 
categories: hydrologic, water quality, physical habitat, sediment quality, and biological. The 
specific indicators of stream health that will be evaluated in these categories are also 
summarized in Table 2 with their associated measurement frequency. 

Table 2. Indicators of Stream Health for the 
Redmond Paired Watershed Study. 

Indicator Measurement Frequency 

Hydrology Monitoring 

Flow Continuous 
High pulse count 
High pulse duration 
High pulse range 
Low pulse count 
Low pulse duration 
Low pulse range 
Flow reversal 
Richards-Baker (RB) flashiness index 
TQ Mean 
Storm flow volume 
Base flow volume 
Total flow volume 

Post-processed from continuous flow measurements 

Water Quality Monitoring 

Total suspended solids 
Turbidity 
Conductivity 
Hardness 
Dissolved organic carbon 
Fecal coliform bacteria 
Total phosphorus 
Total nitrogen 
Copper, total and dissolved 
Zinc, total and dissolved 

Twelve grab samples collected annually during storm 
events (three each quarter) 
Four grab samples collected annually during base flow 
(one each quarter) 

Temperature 
Conductivity 

Continuous 

Physical Habitat Monitoring 

Bank-full width 
Wetted width 
Cumulative bar width 

Annually 
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Table 2 (continued). Indicators of Stream Health for the 
Redmond Paired Watershed Study. 

Indicator Measurement Frequency 

Physical Habitat Monitoring (continued) 

Bank-full depth 
Wetted depth 
Substrate class 
Substrate embeddedness 
Fish cover 
Thalweg depth 
Presence of bars 
Presence of edge pools 
Main channel slope and bearing 
Large woody debris tally, including notation of 
diameter, length, category, zone, and key-pieces 
Evidence of vegetation colonization below OHWM that 
persists more than 1 year 
Slopes vegetated over the crown of the bank 
Presence of desirable native plant species 
Presence of invasive plant species 
Presence of good-habitat indicator liverwort species 
Channel incision or aggradation 
Channel widening, narrowing, or migration 
Changes in channel slope, sinuousity, and/or bed-form 
type 

Annually 

Sediment Quality Monitoring 

Total organic carbon; sieved, 2 mm 
Copper; sieved, 63 μm 
Zinc; sieved, 63 μm 
Polycyclic aromatic hydrocarbons; sieved, 2 mm 
Phthalates; sieved, 2 mm 

Annually 

Biological Monitoring 

Benthic macroinvertebrates Annually 
Benthic Index of Biotic Integrity 
Taxa Richness 
Ephemeroptera Richness 
Plecoptera Richness 
Trichoptera Richness 
Clinger Percent 
Long-Lived Richness 
Intolerant Richness 
Percent Dominant 
Predator Percent 
Tolerant Percent 

Post-processed from benthic macroinvertebrate data 

OHWM = Ordinary high water mark 
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Hydrologic Monitoring 

A total of 14 fixed monitoring stations were established to facilitate hydrologic monitoring in 
each of the study watersheds. As noted in the literature review (Herrera 2001b) that was 
performed to inform the experimental design for the RPWS, numerous studies have been 
conducted with similar goals, but they have generally been conducted at the subbasin scale. In 
these studies, a hydrologic monitoring station was typically located at the outlet of the study 
subbasin. Therefore, efforts were made to establish hydrologic monitoring stations at the outlet 
of each of the study watersheds. However, because the watersheds are relatively large and 
because much of the rehabilitation will occur in the upper reaches of the Application 
watersheds, efforts were made to establish hydrologic monitoring stations at a mid-point 
location in each of the study watersheds as well. This goal could not be achieved for all of the 
study watersheds due to issues relating to their size and drainage patterns. The following 
deviations are specifically noted: 

• Monticello Creek has two major tributaries that will be the target of rehabilitation efforts; 
therefore, three hydrologic monitoring stations were established in the watershed at the 
outlet and on each of the tributaries. 

• The relatively pristine reach of Colin Creek that was identified for monitoring is confined 
to the Redmond Watershed Preserve Park. Because the watershed area within this park is 
relatively small, only one hydrologic monitoring station was established in this study 
watershed. 

• The relatively pristine reach of Seidel Creek that was identified for monitoring is confined 
to the Redmond Watershed Preserve Park. Within this area, two major tributaries of the 
creek flow into a large wetland complex near the border of the park. To avoid 
confounding hydrologic and water quality influences from this wetland, hydrologic 
monitoring stations were established on each tributary; and no outlet station was 
identified. 

In addition to these considerations, the specific location of each monitoring station was also 
influenced by safety and property access issues. The monitoring stations established in each of 
the study watersheds are as follows: 

Application Watersheds 

• Evans Creek Tributary 108: two stations designated Lower Stream Station (EVALSS) and 
Midstream Station (EVAMS), respectively (see locations in Figure 2). 

• Monticello Creek: one station at the mouth designated Mont-Mouth (MONM); one 
station at the approximate midpoint of the watershed on the north tributary designated 
Mont–Mid-N (MONMN); and one station at the approximate midpoint of the watershed 
on the south tributary designated Mont–Mid-S (MONMS) (see locations in Figure 3). 
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• Tosh Creek: one station at the mouth designated Tosh-Mouth (TOSMO); and one station 
at the approximate midpoint of the watershed designated Tosh-Mid (TOSMI) (see 
locations in Figure 4). 

Reference Watersheds 

• Colin Creek: one station at the approximate midpoint of the watershed designated 
Colin-Mid (COLM) (see locations in Figure 5). 

• Seidel Creek: one station at the approximate midpoint of the watershed on the north 
tributary designated Seidel-Mid-N (SEIMN); one station at the approximate midpoint of 
the watershed on the south tributary designated Seidel-Mid-S (SEIMS) (see locations in 
Figure 6). 

Control Watersheds 

• Country Creek: one station at the mouth designated Country-Mouth (COUMO); and one 
station at the approximate midpoint of the watershed designated Country-Mid (COUMI) 
(see locations in Figure 7). 

• Tyler’s Creek: one station at the mouth designated Tylers-Mouth (TYLMO); and one 
station at the approximate midpoint of the watershed designated Tylers-Mid (TYLMI) 
(see locations in Figure 8). 
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Continuous flow monitoring will occur at all 14 monitoring stations for the duration of the 
RPWS. Data from the continuous flow monitoring will be processed to calculate the following 
indicators for evaluating hydrologic impacts from urban development as described in DeGasperi 
et al. (2009): 

• High flow pulse: occurrence of daily average flows that are equal to or greater than a 
threshold set at twice (two times) the long-term daily average flow rate. 

o High pulse count: number of days each water year that discrete high flow pulses 
occur. 

o High pulse duration: annual average duration (in days) of high flow pulses during a 
water year. 

o High pulse range: range in days between the start of the first high flow pulse and 
the end of the last high flow pulse during a water year. 

• Low pulse count: occurrence of daily average flows that are equal to or less than a 
threshold set at 50 percent of the long-term daily average flow rate. 

o Low pulse count: number of times each calendar year that discrete low flow pulses 
occurred. 

o Low pulse duration: annual average duration (in days) of low flow pulses during a 
calendar year. 

o Low pulse range: range in days between the start of the first low flow pulse and the 
end of the last low flow pulse during a calendar year. 

• Flow Reversal: The number of times that the flow rate changed from an increase to a 
decrease or vice versa during a water year. Flow changes of less than 2 percent are not 
considered. 

• Richards-Baker (RB) flashiness index: a dimensionless index of flow oscillations relative 
to total flow based on daily average discharge measured during a water year. 

• TQ Mean: the fraction of a year that mean daily discharge exceeds annual mean 
discharge. 

• Storm flow volume: total discharge volume during storm events over a water year. 

• Base flow volume: total discharge volume during base flow over a water year. 

• Total flow volume: total discharge volume over a water year. 
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Trends over time at each monitoring station will be evaluated using parametric (Pearson’s r) and 
nonparametric (Kendall’s tau or Spearman’s rho) tests of correlation between these indicators 
and time. Statistical significance of the correlation coefficients will be evaluated based on an 
α-level of 0.05 for a one-tailed test. The pattern of interest will be evidence that receiving water 
conditions are improving based on the detection of statistically significant trends in the data for 
one or more of these indicators in the Application watersheds while these same trends are not 
detected in the data for the same indicators in the Reference and Control watersheds. 

In addition to the correlation analyses, separate analyses will be performed to compare 
measured flows in Tosh Creek and Monticello Creek to modeled flows for forested and existing 
conditions in these watersheds that were derived using Hydrological Simulation Program—
Fortran (HSPF) models. For these analyses, local rainfall data collected concurrently with the 
measured flows will serve as model input for predicting flows for forested and existing 
conditions. Using a custom program that is described in the QAPP for the study (Herrera 2015c), 
both the measured and modeled flows will be post-processed to delineate individual periods of 
base and storm flow, respectively, across the entire time series for a given water year. Separate 
statistical analyses (Paired Wilcoxon signed rank tests or Paired T-tests) will then be performed 
to determine if measured peak flows and flow volumes, respectively, during storm flow are 
significantly different from modeled flows for either the forested and existing conditions. 
Statistical significance in these tests will be evaluated based on an α-level of 0.05 for a one-
tailed test. If watershed rehabilitation efforts are effective, measured peak flows and flow 
volumes should depart from the modeled equivalent for existing conditions and more closely 
resemble those for forested conditions. 

Water Quality Monitoring 

A total of 14 fixed monitoring stations were established to facilitate water quality monitoring in 
each of the study watersheds. These stations were co-located with the monitoring stations 
described above for hydrologic monitoring (see Figures 2 through 8). Twelve grab samples will 
be collected annually during storm events (three each quarter) at all 14 monitoring stations for 
the duration of the RPWS. In addition, four grab samples will also be collected annually during 
base flow (one each quarter) at these stations. Each sample will be analyzed for the following 
indicators for evaluating water quality impacts from urban development: 

• Total suspended solids 

• Turbidity 

• Conductivity 

• Hardness 

• Dissolved organic carbon 

• Fecal coliform bacteria 
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• Total phosphorus 

• Total nitrogen 

• Copper, total and dissolved 

• Zinc, total and dissolved 

In addition, the following indicators will be continuously measured in situ at each station using 
probes: 

• Temperature 

• Conductivity 

Trends over time at each monitoring station will be evaluated using parametric (Pearson’s r) and 
nonparametric (Kendall’s tau or Spearman’s rho) tests of correlation between these indicators 
and time. Where possible, variation in the indicator data related to changes in stream flow will 
be removed prior to performing the correlation analyses using methods described in Helsel and 
Hirsch (2002). Use of these methods is generally applicable for indicators that tend to increase 
(or decrease) as a function of flow (e.g., total suspended solids). By removing this variation, 
trends in the indicator data can be more readily detected in the correlation analyses. In all cases, 
statistical significance of the correlation coefficients will be evaluated based on an α-level 
of 0.05 for a one-tailed test. 

The sample frequency identified above for water quality monitoring was evaluated using power 
tests that were performed for totals suspended solids and total zinc. Power tests are used to 
determine the probability of detecting a trend given: 1) sample size, 2) the desired α-level, 
3) magnitude of the trend, and 4) amount of variation within the data. With 16 samples collected 
annually (12 samples during storm events and 4 samples during base flow) over a 10-year 
period and a desired α-level of 0.05, results from these tests showed there was a 66 to 
100 percent probability of detecting a 4 milligram per liter (mg/L) decrease in total suspended 
solids concentrations depending on the variability that is assumed for the data and 
characteristics of the trend over time (i.e., linear or non-linear). These same tests showed there is 
a 38 to 100 percent probability of detecting a 2 microgram per liter (μg/L) decrease in total zinc 
concentrations. Results from these tests are documented in the QAPP that was prepared for the 
study (Herrera 2015c). 

Annual mass load estimates will also be derived for the following subset of indicators using the 
nonparametric “smearing” approach described in Helsel and Hirsch (2002): total suspended 
solids, total phosphorus, total nitrogen, total copper, and total zinc. Trends over time at each 
monitoring station will again be evaluated using parametric (Pearson’s r) and nonparametric 
(Kendall’s tau or Spearman’s rho) tests of correlation between these mass load estimates and 
time. Statistical significance of the correlation coefficients will be evaluated based on an α-level 
of 0.05 for a one-tailed test. These analyses will be used to detect potential improvements in 



 

July 2018 

Redmond Paired Watershed Study: Water Year 2017 Data Summary Report 29 

receiving water conditions from the combined effects of improved water quality and reduced 
stormwater runoff. 

In all cases, the pattern of interest will be evidence that receiving water conditions are improving 
based on the detection of statistically significant trends in the data for one or more of these 
indicators in the Application watersheds while the same trends are not detected in the data for 
the same indicators in the Reference and Control watersheds. 

Physical Habitat Monitoring 

A total of 19 fixed monitoring stations were established to facilitate physical habitat monitoring 
in each of the study watersheds. As described in the literature review (Herrera 2001b) that was 
performed to inform the experimental design for the RPWS, most past studies that have been 
performed to assess physical habitat response to watershed rehabilitation were conducted in 
reaches where channel rehabilitation measures were directly applied. Consequently, they were 
designed to only assess the localized effects of these efforts. The RPWS involves both localized 
channel rehabilitation and watershed scale rehabilitation through the application of structural 
and programmatic practices for stormwater management. Therefore, a synoptic approach was 
applied for establishing monitoring stations for physical habitat monitoring where stations were 
established in the Application watersheds in reaches that will be restored and in reaches where 
no physical alterations to the channel are planned. In this way, the RPWS can assess physical 
habitat response to both localized and basin-wide rehabilitation efforts. In addition to these 
considerations, the specific location of each monitoring station was also influenced by safety 
and property access issues. The monitoring stations established in each of the study watersheds 
are as follows: 

Application Watersheds 

• Evans Creek Tributary 108: two stations designated Lower Stream Station (EVALSS) and 
Midstream Station (EVAMS), respectively (see locations in Figure 2). 

• Monticello Creek: five stations designated Mont-1, Mont-2, Mont-3, Mont-4, and 
Mont-5, respectively (see locations in Figure 3). 

• Tosh Creek: four stations designated Tosh-1, Tosh-2, Tosh-3, and Tosh-4, respectively 
(see locations in Figure 4). 

Reference Watersheds 

• Colin Creek: one designated Colin-1 (see locations in Figure 5). 

• Seidel Creek: three stations designated Seidel-1, Seidel-2, and Seidel-3, respectively (see 
locations in Figure 6). 
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Control Watersheds 

• Country Creek: two stations designated Country-1 and Country-2, respectively (see 
locations in Figure 7). 

• Tyler’s Creek: two stations designated Tylers-1 and Tylers-2, respectively (see locations in 
Figure 8). 

The following monitoring stations were specifically selected to measure the localized physical 
habitat response in reaches that have either been recently restored or are likely to be restored in 
the future: 

• Mont-3 

• Mont-4 

• Mont-5 

• Tosh-1 

• Tosh-3 

• Tosh-4 

Physical habitat monitoring will be conducted annually at each monitoring station for the 
duration of the RPWS. The characteristic bed-form type will be recorded at each monitoring 
station as a whole, and physical habitat quality indicators will be measured at 11 cross-sections 
(transects) and thalweg (line of steepest descent along the streambed) profile for each habitat 
monitoring station. 

The following indicators will be measured at each transect: 

• Bank-full width, wetted width, and cumulative bar width 

• Bank-full depth, wetted depth, substrate class and embeddedness at 11 or more stations 
across the section 

• Fish cover 

• Human influence 

• Riparian shading 

• Riparian vegetation structure 

• Presence of desirable/undesirable plant species 
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The following indicators will be measured along the thalweg profile: 

• Thalweg depth and the presence of bars and/or edge pools 

• Large woody debris and habit unit descriptions 

• Side-channel descriptions 

• Main channel slope and bearing 

• Presence, source, size, of culvert or pipes draining to creek 

Post-processing of recorded physical habitat indicators will allow monitoring of: 

• Channel incision or aggradation 

• Channel widening, narrowing, or migration 

• Changes in channel slope, sinuousity, and/or bed-form type 

The pattern of interest will be evidence that receiving water conditions are improving based on 
the detection of trends in the data for one or more of these indicators in the Application 
watersheds while the same trends are not detected in the data for the same indicators in the 
Reference and Control watersheds. 

Sediment Quality Monitoring 

A total of 19 fixed monitoring stations were established to facilitate sediment quality monitoring 
in each of the study watersheds. These stations were co-located with the monitoring stations 
described above for physical habitat monitoring (see Figures 2 through 8). Sediment samples 
will be collected annually at all 19 monitoring stations for the duration of the RPWS. Each 
sample will be analyzed for the following indicators for evaluating sediment quality impacts 
from urban development: 

• Total organic carbon 

• Copper 

• Zinc 

• Polycyclic aromatic hydrocarbons 

• Phthalates 

Trends over time at each monitoring station will be evaluated using parametric (Pearson’s r) and 
nonparametric (Kendall’s tau or Spearman’s rho) tests of correlation between these indicators 
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and time. Statistical significance of the correlation coefficients will be evaluated based on an 
α-level of 0.05 for a one-tailed test. The pattern of interest will be evidence that receiving water 
conditions are improving based on the detection of statistically significant trends in the data for 
one or more of these indicators in the Application watersheds while the same trends are not 
detected in the data for the same indicators in the Reference and Control watersheds. 

Biological Monitoring 

A total of 19 fixed monitoring stations were established to facilitate biological monitoring in 
each of the study watersheds. These stations were co-located with the monitoring stations 
described above for physical habitat monitoring (see Figures 2 through 8). Benthic 
macroinvertebrate samples will be collected annually at each monitoring station for the duration 
of the RPWS. Each sample will be processed to calculate the following indicators for use in 
evaluating stream health: 

• Benthic Index of Biotic Integrity (B-IBI) 

• Taxa Richness 

• Ephemeroptera Richness 

• Plecoptera Richness 

• Trichoptera Richness 

• Clinger Percent 

• Long-Lived Richness 

• Intolerant Richness 

• Percent Dominant 

• Predator Percent 

• Tolerant Percent 

Trends over time at each monitoring station will be evaluated using parametric (Pearson’s r) and 
nonparametric (Kendall’s tau or Spearman’s rho) tests of correlation between these indicators 
and time. Statistical significance of the correlation coefficients will be evaluated based on an 
α-level of 0.1 for a one-tailed test. The pattern of interest will be evidence that receiving water 
conditions are improving based on the detection of statistically significant trends in the data for 
one or more of these indicators in the Application watersheds while the same trends are not 
detected in the data for the same indicators in the Reference and Control watersheds. 
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The sampling frequency identified above for biological monitoring was evaluated using the 
power tests described above in the Water Quality Monitoring subsection. With samples collected 
annually over a 10-year period and a desired α-level of 0.05, results from these tests showed 
there was a 63 to 96 percent probability of detecting a 9-unit increase in B-IBI scores (equivalent 
to a change from “fair” to “good” in biological condition) depending on the variability that is 
assumed for the data and characteristics of the trend over time (i.e., linear or non-linear). Results 
from these tests are documented in the QAPP that was prepared for study (Herrera 2015c). 

Effectiveness Monitoring 

As described above, roving stations will be established for the Effectiveness Monitoring 
component of the RPWS to verify specific structural stormwater controls are constructed 
properly and performing as designed. The roving stations will be moved from one year to the 
next once a facility’s effectiveness has been verified and new facilities come online. The specific 
types of monitoring to be performed at each roving station will depend on the type of structural 
stormwater control that is being evaluated. For example, it is anticipated that only hydrologic 
monitoring would be performed at roving stations for facilities that are only designed for flow 
control (e.g., vaults). In these cases, a facility’s performance would be verified based on 
comparisons of measured flow from the roving station to the facility’s predicted flow based on 
models used in its design. For facilities that are designed for runoff treatment, monitoring will 
follow guidelines from Ecology’s Technology Assessment Protocol-Ecology (TAPE) (Ecology 
2011) and include both hydrologic (e.g., influent and effluent flow) and water quality monitoring. 
In these cases, a facility’s performance would be verified based on comparisons of its measured 
pollutant removal efficiency relative to targets that are identified in TAPE for specific treatment 
categories. 

At present, no new structural stormwater controls have come online in an Application watershed 
that are suitable for Effectiveness Monitoring. For planning purposes, it is anticipated that two 
separate facilities will be completed and made available for monitoring in years 2 and 3 of the 
study, respectively. For each facility, detailed information on the procedures that will be used for 
data collection, quality assurance and control, management, and analysis will be provided in 
separate addendums to the QAPP that was prepared for the study (Herrera 2015c). 





 

July 2018 

Redmond Paired Watershed Study: Water Year 2017 Data Summary Report 35 

REHABILITATION EFFORT SUMMARY 
As noted in the previous section, the pattern of interest for this study will be evidence that 
receiving water conditions are improving based on one or more indicators in the Application 
watersheds while conditions in the Reference and Control watersheds remain relatively static. To 
increase the likelihood of detecting this trend, it is important to characterize conditions in the 
Application watersheds over a “baseline” period prior to the implementation of any 
rehabilitation efforts. To that end, rehabilitation efforts over WY2017 were limited. With funding 
from a King County WaterWorks grant, the City initiated street sweeping in the Monticello Creek 
Watershed in August of WY2017. The street sweeping occurs once a month on all public roads 
that drain to Monticello Creek. This street sweeping is being implemented to meet the specific 
goal of improving water quality in the creek and is being conducted in addition to other street 
sweeping that occurs in the watershed for other operational reasons, such as collecting leaves in 
fall. In Tosh Creek watershed, a high flow bypass pipe weir was adjusted in July of WY2017 to 
divert more high flow stormwater from Tosh Creek. Rehabilitation efforts within the Application 
watersheds will gradually increase over the 10-year duration of the study. All efforts will be 
documented in subsequent data summary reports. 
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SAMPLING PROCEDURES 
The QAPP that was prepared for the RPWS (Herrera 2015c) provides detailed information on the 
sampling procedures that are being used for each of the following monitoring categories: 
hydrologic, water quality, physical habitat, sediment quality, and biological. The following 
deviations from these sampling procedures are noted for monitoring that took place in WY2017: 

• The YSI Pro Model 2030 that was used to make discrete in situ measurements of water 
temperature and conductivity was calibrated using a 1,000 μS standard instead of a 
100 μS standard as specified in the QAPP. This change was made based on manufacturer 
recommendations for meter calibration. Given this change, the calibration of the meter 
was subsequently checked before and after each sampling event using both the 100 and 
1,000 μS standards. Results from these calibration checks were documented on 
standardized field forms. 

• Guidelines in the QAPP indicated storm sampling should occur after a period of at least 
24 hours preceding the event with less than 0.04 inches of precipitation. However, this 
guideline was deemed too restrictive following monitoring that occurred over WY2016. 
Based on input from the SAM program coordinator and technical advisory committee for 
the RPWS, this criterion was changed to allow storm event sampling after a period of at 
least 12 hours preceding the event with less than 0.04 inches of precipitation. 
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MONITORING RESULTS SUMMARY 
This section summarizes results for the Status and Trends Monitoring component of the RPWS 
from monitoring that was conducted over WY2017; as noted previously, no monitoring for the 
Effectiveness Monitoring component of the study occurred over this period. The presentation of 
these results is organized under separate subsections for the following monitoring categories: 
hydrologic, water quality, physical habitat, sediment quality, and biological. As noted in the 
Introduction section of this document, trend analyses reports will be prepared in years 4, 6, 8, 
and 10 of the RPWS’ implementation to summarize the results of statistical analyses that will be 
performed on the compiled data from all previous years of monitoring to detect potential 
relationships between rehabilitation efforts and improved receiving water conditions. Therefore, 
this data summary report does not provide detailed analyses of the monitoring results from 
WY2017. 

HYDROLOGIC MONITORING 
Hydrologic monitoring for WY2017 initiated on October 1, 2016, at the 14 fixed monitoring 
stations that are identified in the Experimental Design section of this document and continued 
through September 30, 2017. In addition, continuous precipitation monitoring occurred over the 
same period at four separate precipitation monitoring stations: three stations were established 
for the RPWS – Tosh, Monticello, and Evans; and one station is maintained by King County for 
other purposes – Trilogy. Each station is used for measuring precipitation in the watershed for a 
specific creek as follows: 

• Tosh station: Tosh Creek and Country Creek 

• Monticello station: Tyler Creek and Monticello Creek 

• Evans station: Evans Creek 

• Trilogy station: Seidel Creek and Colin Creek. 

Line plots showing the continuous flow and precipitation data collected at each of these stations 
(grouped by watershed) are provided in Appendix A. The quality assurance review memorandum 
for these data is provided in Appendix B while Appendix C documents the manual flow 
measurements that were used to develop discharge rating curves for each station. In general, 
the quality assurance review memorandum indicates there were no serious quality assurance 
problems associated with these data that would impose severe limitations on their use and 
interpretation. As documented in the quality assurance review memorandum, the continuous 
flow data at each station was rated as either “fair” or “good” with the exception of MONMN 
station where the data were rated “poor” due to an unstable channel that makes it difficult to 
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develop a consistent discharge rating curve. There was also evidence of vandalism at the 
MONMN station that may have impacted data quality. Finally, there were minor gaps in the 
continuous flow data for several stations (MONMS, COLMI, TYLMO) as shown in Table 3. 

Table 3. Gaps in Continuous Flow Data. 

Station 
Gap Start Date/ 

Timea 
Gap Stop Date/ 

Timea 
Gap Duration 

in Hours Flow Estimation Method 

MONMS  3/6/2017 16:05 3/7/2017 11:55 19.8 ANFIS model using input data from 
MONMN 

COUMI 2/15/2017 23:40 2/16/2017 17:10 17.5 ANFIS model using input data from 
COUMO 

TYLMO 10/25/2016 
13:15 

10/25/2016 
20:20 

7.1 Linear interpolation 

a All times are reported as Pacific Standard Time. 

ANFIS = adaptive network-based fuzzy inference system 

To facilitate future analyses of hydrologic trends, the gaps identified in Table 3 were filled using 
estimated flow data. These estimates were derived by first importing the continuous flow data 
from all stations into the Aquarius Continuous Data Management System software package 
(Aquarius software package). Using the Aquarius software package’s built-in capabilities, gaps of 
fewer than 10 hours were filled using linear interpolation. Longer gaps were filled using models 
that were developed to estimate missing flow data for one station based on measured flow data 
from another station having a similar hydrograph form and response. The Aquarius software 
package was used to determine whether a linear or adaptive network-based fuzzy inference 
system (ANFIS) model provided the best fit based on a training period where measured data 
were available for both stations. The specific type of model that was used for each station and 
the associated source of input data, where applicable, are identified in Table 3. The average 
model error across all the stations was 15.4 percent. 

Once a complete data record was available for all the stations using either estimated or 
measured flow, the continuous flow data from each station and the applicable precipitation data 
were post-processed using a custom program written in Visual Basic that delineates the start 
and stop time of individual storm events based on user selectable storm criteria (e.g., 
antecedent dry period, minimum rainfall, interevent dry period, etc.). The program then 
computes the following suite of summary statistics for each storm event: 

• Precipitation start and stop time 

• Precipitation duration 

• Precipitation depth 

• Precipitation average intensity 

• Precipitation maximum intensity 
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• Precipitation antecedent dry period 

• Flow start and stop time 

• Flow duration 

• Average flow rate 

• Maximum flow rate 

• Flow volume 

Appendix D provides these summary statistics for the individual storm events that were 
delineated based on the continuous flow data from each station. Summary statics computed 
across all the events for each station are provided in Table 4. 

Table 4. Summary Statistics for Storm Events by Monitoring Station. 

Station 
Watershed 

Type 

Median 
Average Flow Rate 

(cfs) 

Maximum 
Flow Rate 

(cfs) 

Median 
Flow Volume 

(cf) 

Maximum 
Flow Volume 

(cf) 

EVALSS A 2.51 27.00 228,782 2,062,252 
EVAMS A 0.93 12.51 79,391 631,811 
MONM A 1.84 37.76 143,358 2,025,417 

MONMN A 0.64 16.67 53,481 932,828 
MONMS A 0.18 4.20 15,479 215,917 
TOSMO A 0.86 21.02 81,189 1,304,513 
TOSMI A 0.58 15.42 52,854 845,743 
COLM R 1.79 14.49 151,167 2,311,163 
SEIMN R 0.74 8.2 167,094 2,220,758 
SEIMS R 0.64 8.74 50,745 614,923 

COUMO C 0.68 19.25 60.966 826,192 
COUMI C 0.16 10.57 15,117 311,984 
TYLMO C 0.71 16.87 160,200 2,371,271 
TYLMI C 0.22 4.02 20,774 307,479 

cfs = cubic feet per second 

cf = cubic feet 

A = Application 

R = Reference 

C = Control 

As described in the Experimental Design section of this document, data from the continuous 
flow monitoring are processed to calculate a suite of thirteen indicators for evaluating 
hydrologic impacts from urban development. Values for the following five indicators were 
derived using a custom script that was developed using the R statistical programming language: 
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• High pulse count 

• High pulse duration 

• High pulse range 

• Flow reversal 

• Richards-Baker flashiness index 

• TQ Mean 

Values for the following three indicators were derived using a hydrograph separation algorithm 
that has been successfully used in several other studies (Herrera 2004, 2011) for this purpose: 

• Storm flow volume 

• Base flow volume 

• Total flow volume 

The computed values for these nine of these indicators are shown in Table 5. Values for the 
three remaining indicators (low pulse count, low pulse duration, low pulse range) could not be 
computed at this time because they rely on data collected over a calendar year as opposed to a 
water year. 
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Table 5. Computed Indicator Values for Evaluating Hydrologic Impacts. 

Station 
Watershed 

Type 

High Pulse 
Count 

(count) 

High Pulse 
Duration 

(days) 

High Pulse 
Range 
(days) 

Flow 
Reversal 
(count) 

Richards-
Baker 

Flashiness 
Index 

TQ Mean 
(fraction of 

year) 

Storm Flow 
Volume 

(cf) 

Base Flow 
Volume 

(cf) 

Total Flow 
Volume 

(cf) 

EVALSS A 18 1.4 195 124 0.28 0.38 15,502,660 52,379,597 67,882,257 
EVAMS A 23 1.4 200 123 0.31 0.41 5,498,826 18,402,546 23,901,372 
MONM A 28 1.8 220 137 0.53 0.35 19,589,468 21,719,092 41,308,560 

MONMN A 28 2.1 249 142 0.62 0.34 9,509,019 5,692,158  15,201,177 
MONMS A 30 1.3 208 153 0.73 0.29 2,365,115 2,136,459 4,501,574 
TOSMO A 28 1.1 252 139 0.80 0.19 10,803,538 13,144,292 23,947,830 
TOSMI A 29 1.3 252 138 0.84 0.21 8,038,188 6,624,381 14,662,569 
COLM R 17 5.3 208 86 0.35 0.37 26,722,586 16,751,593  43,474,179 
SEIMN R 23 2.7 208 112 0.28 0.43 5,897,179 11,609,888 17,243,403 
SEIMS R 20 1.3 250 136 0.32 0.35 3,957,275 13,883,656  17,840,931 

COUMO C 29 1.5 250 131 0.54 0.32 7,582,003 9,714,509 17,296,512 
COUMI C 19 1.7 209 127 0.44 0.30 1,809,138 2,944,689 4,753,827 
TYLMO C 30 1.7 221 139 0.76 0.28 10,242,758 5,953,921 14,748,453 
TYLMI C 32 1.8 220 117 0.75 0.25 3,986,339 1,858,657 5,844,996 

cf = cubic feet 

A = Application 

R = Reference 

C = Control 
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WATER QUALITY MONITORING 
Pursuant to the QAPP that was prepared for the study (Herrera 2015c), 12 grab samples are to 
be collected during storm events (three each quarter) at the 14 fixed monitoring stations that 
are identified in the Experimental Design section of this document for water quality monitoring. 
In addition, four grab samples are to be collected during base flow (one each quarter) at these 
same stations. The dates when samples were collected during storm events are identified in 
Table 6. Storm event sampling was temporarily suspended in the first quarter of WY2017 while 
property access issues were being resolved; due to this suspension, only two storm events were 
sampled in the quarter. Five storm events were sampled in the both the second and third 
quarters of WY2017 to make up for the missed event in the first quarter and missed events from 
WY2016. No storm events were sampled in the fourth quarter of WY2017 due to extremely dry 
conditions. Additional storm events will be sampled in water year 2018 (WY2018) to make up for 
these missed events. 

The following criteria from the QAPP serve as guidelines for defining the acceptability of specific 
storm events for sampling: 

• Target precipitation depth: A minimum of 0.25 inches of precipitation over a 24-hour 
period 

• Antecedent conditions: A period of at least 12 hours preceding the event with less than 
0.04 inches of precipitation 

Table 6 compares these criteria to data collected in WY2017 during each sampled storm event 
from the precipitation monitoring stations described in the previous section (Tosh, Monticello, 
Evans, and Trilogy). As shown, these criteria were met for all storm events sampled over 
WY2017. To provide additional information for assessing the acceptability of sampled storm 
events, line plots showing the actual time samples were collected at each station relative to the 
storm event hydrograph are provided in Appendix E; storm event hydrographs in these plots are 
shaded grey to distinguish them from periods of base flow. These plots generally show most 
samples were collected early on the rising limb or peak of the hydrograph with the following 
exceptions: 

• During the storm event on December 9, 2017, samples were collected at the onset of 
rainfall and before there was an appreciable rise in the hydrograph at all stations except 
COUMO, COUMI, and TYLMO. 

• During the storm event on January 8, 2017, samples were collected at the EVALSS, 
EVAMS, TOSMI, TOSMO, COUMI, and COUMO stations after rainfall was observed but 
before there was an appreciable rise in the hydrograph. 
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• During the storm event on January 17, 2017, samples were collected at the EVALSS, 
EVAMS, COUMI, and COUMO stations after rainfall was observed but before there was 
an appreciable rise in the hydrograph. 

The representativeness of the data from these samples for assessing water quality during storm 
events will be more thoroughly assessed prior to their use in trend analyses for the study. If 
necessary, they may be reclassified as base flow samples for these analyses to avoid introducing 
bias in the associated results. In all cases, they will be used with extreme caution. In WY2018, 
care will be taken to sample stations in the Country Creek watershed later in the storm event to 
ensure an appreciable rise in the hydrograph has occurred from inputs of stormwater. 

As described in the QAPP for the RPWS, base flow samples should be collected following a 
period of at least 48 hours without rain. Table 6 shows the dates when samples were collected 
during base flow with a comparison to this criterion using data from the precipitation 
monitoring stations described in the previous section. This comparison shows the criterion was 
met during all base flow sampling events except for the November 18, 2016, event when the 
antecedent dry period was just under 40 hours at most of the stations. Note the COLM station 
was not sampled during the August 9, 2017, base flow event because the channel was dry. 
Consequently, a make-up sample will be collected at this station during a base flow event in 
WY2018 when water is again flowing in the channel. 

Field data collection forms, chain-of-custody records, laboratory reports, and data quality audit 
forms from the storm event and base flow sampling during WY2017 are provided in Appendix F. 
The memorandum documenting results from the quality assurance review that was performed 
on these data is provided in Appendix G. Based on this review, 32 values were qualified as 
estimates as documented in Table 7, and no values were rejected. A significant number of the 
qualified values were related to the detection of monitoring parameters in a transfer blank that 
was collected on November 18, 2017. As described in Appendix G, values were qualified as 
estimates for any of the parameters when detected above the reporting limit but less than 
5 times the transfer blank result; values that exceeded this threshold would have been rejected. 
Estimated values will be used with caution in subsequent trend analyses that will be performed 
for the study. 

Appendix H presents tables with the following summary statistics for pollutant concentrations 
measured in storm event and base flow samples over WY2017: 

• N (sample size) 

• Minimum 

• 25th Percentile 

• Median 

• 75th Percentile 
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• Maximum 

• Quartile range 

• Percent detected 

• Percent exceeding the water quality standard for surface waters of the state of 
Washington (Ecology 2016), where applicable 
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Table 6. Sampling Dates and Comparison to Criteria for Storm Event and Base Flow Sampling. 

Water Year 
Quarter Event Type Event Date 

Tosh Stationa Monticello Stationb Evans Stationc Trilogy Stationd 

Precipitation 
Duration 

(hour) 

Precipitation 
Depthe 
(inch) 

Antecedent 
Dry Periodf 

(hour) 

Precipitation 
Duration 

(hour) 

Precipitation 
Depthe 
(inch) 

Antecedent 
Dry Periodf 

(hour) 

Precipitation 
Duration 

(hour) 

Precipitation 
Depthe 
(inch) 

Antecedent 
Dry Periodf 

(hour) 

Precipitation 
Duration 

(hour) 

Precipitation 
Depthe 
(inch) 

Antecedent 
Dry Periodf 

(hour) 

1 Storm 11/5/2016 22.6 1.18 53.8 22.5 1.10 53.8 22.7 1.14 54.1 22.6 1.13 54.0 
1 Base 11/18/2016 NA NA 58.8 NA NA 39.2 NA NA 39.1 NA NA 38.9 
1 Storm 12/9/2016 23.3 0.49 161.0 13.3 0.33 97.1 13.4 0.59 113.8 6.1 0.81 120.3 
2 Base 1/5/2017 NA NA 94.0 NA NA 93.3 NA NA 67.5 NA NA 68.1 
2 Storm 1/8/2017 13.3 0.47 168.5 13.4 0.43 166.8 13.4 0.40 68.1 15.9 0.48 139.3 
2 Storm 1/17/2017 52.8 2.18 164.0 52.4 2.37 163.5 43.7 1.99 164.7 60.9 2.31 161.8 
2 Storm 2/3/2017 98.3 2.21 280.8 66.8 1.77 350.2 63.1 1.70 346.5 60.9 1.93 83.7 
2 Storm 2/8/2017 50.3 2.35 18.5 46.8 2.46 16.9 49.3 2.54 17.9 51.0 2.45 19.7 
2 Storm 3/7/2017 14.8 0.46 48.0 14.8 0.41 47.9 15.2 0.37 48.2 16.3 0.48 48.0 
3 Storm 4/12/2017 35.8 1.02 29.9 35.5 1.12 45.2 36.3 1.00 29.5 47.1 1.18 29.5 
3 Storm 5/4/2017 12.3 0.98 35.4 13.4 1.23 35.6 19.8 1.02 35.4 17.1 1.18 32.1 
3 Base 5/8/2017 NA NA 58.5 NA NA 79.8 NA NA 79.7 NA NA 79.6 
3 Storm 5/15/2017 33.0 1.13 91.0 31.7 1.18 40.5 33.7 1.32 41.4 39.1 1.44 40.5 
3 Storm 6/8/2017 10.6 0.33 160.6 10.3 0.27 161.1 11.9 0.35 160.8 10.3 0.37 160.8 
3 Storm 6/15/2017 13.6 0.87 168.4 12.3 0.57 169.6 16.6 0.73 164.2 15.8 0.73 34.0 
4 Base 8/9/2017 NA NA 166.6 NA NA 1,248.0 NA NA 1,248.8 NA NA 1,248.8 

a Station is used for measuring precipitation in the watersheds for Tosh Creek and Country Creek. 
b Station is used for measuring precipitation in the watersheds for Tyler Creek and Monticello Creek. 
c Station is used for measuring precipitation in the watershed for Evans Creek. 
d Station is used for measuring precipitation in the watersheds for Seidel Creek and Colin Creek. 
e Criteria for precipitation total is ≥0.25 inches in 24 hours for storm event sampling. 
f Criteria for antecedent dry period is ≥12 hours with <0.04 inches of rain for storm event sampling and ≥48 hours with no rain for base flow sampling. 

NA = not applicable 

Bold values indicate events which did not meet criteria for storm event or base flow sampling. 
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Table 7. Qualified Results from Discrete Water Quality Sampling. 

Event Date Station 
Water Quality 

Indicator 
Reason for 

Qualification Data Flag 

11/05/2016 All locations Fecal coliform 
bacteria 

Holding time 
exceedance 

J 

11/17/2016 TYLMO Dissolved zinc Filter blank 
exceedance 

J 

11/18/2016 EVAMS Turbidity Transfer blank 
exceedance 

J 

11/18/2016 COUMI DOC, total nitrogen, 
total copper 

Transfer blank 
exceedance 

J 

11/18/2016 COUMO DOC, total nitrogen Transfer blank 
exceedance 

J 

11/18/2016 COLM Total nitrogen Transfer blank 
exceedance 

J 

11/18/2016 MONMN Total nitrogen Transfer blank 
exceedance 

J 

11/18/2016 MONMS Total nitrogen, total 
copper 

Transfer blank 
exceedance 

J 

11/18/2016 MONM Total nitrogen Transfer blank 
exceedance 

J 

11/18/2016 SEIMN Total nitrogen Transfer blank 
exceedance 

J 

11/18/2016 SEIMS Total nitrogen Transfer blank 
exceedance 

J 

11/18/2016 TOSMI Total nitrogen, total 
and dissolved 

copper 

Transfer blank 
exceedance 

J 

11/18/2016 TOSMO DOC, total nitrogen, 
total copper 

Transfer blank 
exceedance 

J 

11/18/2016 TYLMI Total nitrogen, total 
and dissolved 

copper 

Transfer blank 
exceedance 

J 

11/18/2016 TYLMO Total nitrogen, total 
copper 

Transfer blank 
exceedance 

J 

11/18/2016 COUMO Fecal coliform Lab duplicate 
exceedance 

J 

12/09/2016 MONMS Total nitrogen Lab duplicate 
exceedance 

J 

2/03/2017 TYLMO Fecal coliform Lab duplicate 
exceedance 

J 

2/08/2017 TYLMO Fecal coliform Lab duplicate 
exceedance 

J 

2/08/2017 EVALS Total nitrogen Lab duplicate 
exceedance 

J 

11/05/2016 TYLMI TSS Field duplicate 
exceedance 

J 
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Table 7 (continued). Qualified Results from Discrete Water Quality Sampling. 

Event Date Station 
Water Quality 

Indicator 
Reason for 

Qualification Data Flag 

12/09/2016 COUMI Total nitrogen Field duplicate 
exceedance 

J 

1/05/2017 MONMS Total nitrogen Field duplicate 
exceedance 

J 

1/08/2017 EVALSS TSS and turbidity Field duplicate 
exceedance 

J 

1/17/2017 MONM Turbidity and total 
nitrogen 

Field duplicate 
exceedance 

J 

2/03/2017 EVAMS Total nitrogen and 
fecal coliform 

Field duplicate 
exceedance 

J 

2/08/2017 COUMO Total phosphorus 
and total nitrogen 

Field duplicate 
exceedance 

J 

4/12/2017 COLM TKN and fecal 
coliform 

Field duplicate 
exceedance 

J 

5/04/2017 TOSMI TSS, turbidity, 
hardness, total 

phosphorus, TKN, 
total copper and 

zinc 

Field duplicate 
exceedance 

J 

5/08/2017 TOSMO Turbidity Field duplicate 
exceedance 

J 

5/15/2017 TYLMO Hardness, TKN, total 
copper and zinc 

Field duplicate 
exceedance 

J 

6/15/2017 SEIMN Turbidity Field duplicate 
exceedance 

J 

J = Value qualified as an estimate based on quality assurance review. 

DOC = dissolved organic carbon 

TKN = Total Kjeldahl nitrogen 

TSS = total suspended solids 

In addition, Appendix I presents box and whisker plots that were developed from these same 
data that show the minimum and maximum values (lower and upper whiskers, respectively), 
25th and 75th percentile values (lower and upper box edges, respectively), and median value 
(line in box). Following guidance from Helsel and Hirsch (2002), regression on order statistics 
(ROS) was used to estimate the summary statistics identified above when nondetect values were 
present in the data. If the estimated summary statistic was less than the highest detection limit 
in the dataset, the highest detection limit was reported instead. 

In addition to the collection of grab samples during storm events and base flow, continuous 
monitoring of temperature was performed at all 14 of the fixed monitoring stations that are 
identified in the Experimental Design section of this document for water quality monitoring. 
Continuous monitoring of conductivity was also performed at the following subset of stations: 
EVALSS, EVAMS, MONM, MONMS, TOSMO, SEIMN, COUMO, and TYLMO. Line plots showing 
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the continuous temperature and conductivity data collected at each of these stations are 
provided in Appendices J and K, respectively. The line plots for the continuous temperature data 
also show the 7-day average of the daily maximum temperatures (7-DADMAX) relative to the 
applicable aquatic life temperature criterion for surface waters of the state of Washington 
(Ecology 2016). 

Based on reviews of the continuous temperature and conductivity data presented in 
Appendices J and K, the following quality assurance issues were identified in connection with 
these data: 

• No continuous conductivity data are available for the MONMS station over the period 
from December 14, 2016, through December 15, 2016. 

• No continuous conductivity data are available for the MONMS station over the period 
from January 2, 2017, through January 5, 2017. 

• No continuous conductivity data are available for the MONMS station over the period 
from March 27, 2017, through April 12, 2017. 

• No continuous conductivity data are available for the COUMO station over the period 
from February 17, 2017, through March 7, 2017. 

PHYSICAL HABITAT MONITORING 
Physical habitat monitoring for WY2017 was completed at the 19 fixed monitoring stations that 
are identified in the Experimental Design section of this document on the following dates: 

• EVALSS 7/26/2017 

• EVAMS 7/11/2017 

• MONT 1 7/18/2017 

• MONT 2 7/27/2017 

• MONT 3 7/27/2017 

• MONT 4 7/28/2017 

• MONT 5 7/14/2017 

• TOSH 1 8/1/2017 

• TOSH 2 7/19/2017 

• TOSH 3 7/27/2017 
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• TOSH 4 7/28/2017 

• COLIN 1 7/14/2017 

• SIDL-1 7/17/2017 

• SIDL-2 7/17/2017 

• SIDL-3 7/28/2017 

• CTRY-1 7/12/2017 

• CTRY-2 7/13/2017 

• TYLR-1 8/2/2017 

• TYLR-2 8/1/2017 

Compiled field data from this monitoring are presented in Appendix L and the computed 
indicators for evaluating physical habitat quality are presented in Appendix M. Finally, 
Appendix N provides tables with summary statistics for the indicators that are organized in the 
following categories: 

• Bed stability (Table N-1) 

• Channel dimensions (Table N-2) 

• Fish cover (Table N-3) 

• Habitat dimensions (Table N-4) 

• Habitat unit extents (Table N-5) 

• Large woody debris (Table N-6) 

• Riparian cover (Table N-7) 

• Riparian Disturbance (Table N-8) 

• Riparian vegetation structure (Table N-9) 

• Sinuosity (Table N-10) 

• Substrate (Table N-11) 
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SEDIMENT QUALITY MONITORING 
Sediment quality monitoring for WY2017 was completed at 18 of the 19 fixed monitoring 
stations that are identified in the Experimental Design section of this document on the following 
dates: 

• EVALSS 9/1/2017 

• EVAMS 9/1/2017 

• MONT-1 9/13/2017 

• MONT-2 8/30/2017 

• MONT-3 9/20/2017 

• MONT-4 9/20/2017 

• MONT-5 9/20/2017 

• TOSH-1 9/11/2017 

• TOSH-2 8/28/2017 

• TOSH-3 8/28/2017 

• TOSH-4 9/1/2017 

• SIDL-1 9/22/2017 

• SIDL-2 9/22/2017 

•  SIDL-3 9/13/2017 

• CTRY-1 9/11/2017 

• CTRY-2 9/11/2017 

• TYLR-1 8/30/2017 

• TYLR-2 8/30/2017 

The COLIN-1 station was not sampled in WY2017 because the channel was dry during the 
scheduled period for sediment quality monitoring. 

Field data laboratory reports and data quality audit forms from sediment quality sampling in 
WY2017 are provided in Appendix O. The memorandum documenting results from the quality 
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assurance review that was performed on these data is provided in Appendix P. No values were 
qualified as estimates or rejected based on this review. 

Total organic carbon, zinc, and copper concentrations measured in sediment samples are 
presented in Table 8. Concentrations of polycyclic aromatic hydrocarbons (PAHs) and phthalates 
are presented in Tables 9 and 10, respectively. 

Table 8. Concentrations of Total Organic Carbon, Copper, and Zinc 
Measured in Sediment Samples.a 

Station 
Watershed 

Type 
Total Organic Carbon 

(%) 
Copper 

(mg/Kg) 
Zinc 

(mg/Kg) 

EVALSS A 4.1 34 86 
EVAMS A 20.0 22 86 
MONT-1 A 1.9 35 270 
MONT-2 A 9.6 61 370 
MONT-3 A 8.3 53 670 
MONT-4 A 1.1 40 550 
MONT-5 A 8.2 24 120 
TOSH-1 A 1.0 39 340 
TOSH-2 A 2.0 41 380 
TOSH-3 A 3.7 35 440 
TOSH-4 A 4.5 44 880 
COLIN-1 R ND ND ND 
SIDL-1 R 2.0 28 56 
SIDL-2 R 0.6 35 85 
SIDL-3 R 11.0 22 80 
CTRY-1 C 2.3 40 350 
CTRY-2 C 5.1 26 94 
TYLR-1 C 1.9 37 270 
TYLR-2 C 4.6 94 520 

a Samples were processed (sieved) in the field to make two unique samples. The first sample was sieved to less than 2.0 mm and 
analyzed for multiple organic compounds (PAHs and phthalates) and total-organic carbon. The second sample was sieved to less 
than 63 μm and analyzed for metals (copper and zinc). 

mg/Kg = milligram/kilogram 

A = Application 

R = Reference 

C = Control 

ND = no data 
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Table 9. Concentrations of Polycyclic Aromatic Hydrocarbons Measured in Sediment Samples.a 

Station 
Watershed 

Type 

1-Methyl-
naphthalene 

(mg/Kg) 

2-Methyl-
naphthalene 

(mg/Kg) 

Ace-
naphthene 
(mg/Kg) 

Ace-
naphthylene 

(mg/Kg) 
Anthracene 

(mg/Kg) 

Benz[a]-
anthracene 

(mg/Kg) 

Benzo(a)-
pyrene 

(mg/Kg) 

Benzo(b)-
fluoranthene 

(mg/Kg) 

Benzo(ghi)-
perylene 
(mg/Kg) 

Benzo(j,k)-
fluoranthene 

(mg/Kg) 
Chrysene 
(mg/Kg) 

Dibenzo(a,h)-
anthracene 

(mg/Kg) 

Fluoran-
thene 

(mg/Kg) 
Fluorene 
(mg/Kg) 

Indeno-
(1,2,3-cd)-

pyrene 
(mg/Kg) 

Naph-
thalene 
(mg/Kg) 

Phenan-
threne 

(mg/Kg) 
Pyrene 

(mg/Kg) 
Total PAHs 

(mg/Kg) 

EVALSS A 0.0099 U 0.0099 U 0.0099 U 0.0099 U 0.0099 U 0.0540 
 

0.0560 
 

0.0850 
 

0.0170 
 

0.0220 
 

0.0540 
 

0.0099 U 0.0440 
 

0.0099 U 0.0290 
 

0.0099 U 0.0099 U 0.0650 
 

0.4260 
 

EVAMS A 0.0200 U 0.0200 U 0.0200 U 0.0200 U 0.0200 U 0.0200 U 0.0220 
 

0.0300 
 

0.0200 U 0.0200 U 0.0200 U 0.0200 U 0.0290 
 

0.0200 U 0.0200 U 0.0200 U 0.0200 U 0.0270 
 

0.1080 
 

MONT-1 A 0.0060 U 0.0060 U 0.0060 U 0.0060 U 0.0060 U 0.0060 U 0.0060 U 0.0060 U 0.0060 U 0.0060 U 0.0060 U 0.0060 U 0.0060 U 0.0060 U 0.0060 U 0.0060 U 0.0060 U 0.0060 U 0.0060 U 
MONT-2 A 0.0180 U 0.0180 U 0.0180 U 0.0180 U 0.0180 U 0.0180 U 0.0180 U 0.0180 U 0.0180 U 0.0180 U 0.0180 U 0.0180 U 0.0180 U 0.0180 U 0.0180 U 0.0180 U 0.0180 U 0.0280 

 
0.0280 

 

MONT-3 A 0.0210 U 0.0210 U 0.0210 U 0.0210 U 0.0210 U 0.0210 U 0.0210 U 0.0220 
 

0.0210 U 0.0210 U 0.0210 U 0.0210 U 0.0210 U 0.0210 U 0.0210 U 0.0210 U 0.0210 U 0.0210 
 

0.0430 
 

MONT-4 A 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 
MONT-5 A 0.0098 U 0.0098 U 0.0098 U 0.0098 U 0.0098 U 0.0098 U 0.0098 U 0.0098 U 0.0098 U 0.0098 U 0.0098 U 0.0098 U 0.0098 U 0.0098 U 0.0098 U 0.0098 U 0.0098 U 0.0098 U 0.0098 U 
TOSH-1 A 0.0064 U 0.0064 U 0.0064 U 0.0064 U 0.0064 

 
0.0085 

 
0.0100 

 
0.0130 

 
0.0064 U 0.0064 U 0.0110 

 
0.0064 U 0.0250 

 
0.0064 U 0.0075 

 
0.0064 U 0.0120 

 
0.0210 

 
0.1080 

 

TOSH-2 A 0.0160 U 0.0160 U 0.0160 U 0.0160 U 0.0160 
 

0.0200 
 

0.0210 
 

0.0300 
 

0.0160 U 0.0160 U 0.0240 
 

0.0160 U 0.0560 
 

0.0160 U 0.0170 
 

0.0160 U 0.0330 
 

0.0450 
 

0.2460 
 

TOSH-3 A 0.0200 U 0.0200 U 0.0200 U 0.0200 U 0.0200 
 

0.0240 
 

0.0290 
 

0.0450 
 

0.0270 
 

0.0200 U 0.0310 
 

0.0200 U 0.0620 
 

0.0200 U 0.0260 
 

0.0200 U 0.0260 
 

0.0520 
 

0.3220 
 

TOSH-4 A 0.0100 U 0.0100 U 0.0100 U 0.0100 U 0.0100 U 0.0100 U 0.0100 U 0.0110 
 

0.0100 U 0.0100 U 0.0100 U 0.0100 U 0.0100 U 0.0100 U 0.0100 U 0.0100 U 0.0100 U 0.0100 U 0.0110 
 

COLIN-1 R ND 
 

ND 
 

ND  ND 
 

ND 
 

ND 
 

ND 
 

ND 
 

ND 
 

ND 
 

ND 
 

ND 
 

ND 
 

ND 
 

ND 
   

ND 
 

ND 
 

ND 
 

SIDL-1 R 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 
 

0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 
SIDL-2 R 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 0.0055 U 
SIDL-3 R 0.0140 U 0.0140 U 0.0140 U 0.0140 U 0.0140 U 0.0140 U 0.0140 U 0.0140 U 0.0140 U 0.0140 U 0.0140 U 0.0140 U 0.0140 U 0.0140 U 0.0140 U 0.0140 U 0.0140 U 0.0140 U 0.0140 U 
CTRY-1 C 0.0071 U 0.0071 U 0.0071 U 0.0071 U 0.0170 

 
0.0750 

 
0.0740 

 
0.1100 

 
0.0470 

 
0.0340 

 
0.0830 

 
0.0120 

 
0.2500 

 
0.0071 U 0.0550 

 
0.0071 U 0.0860 

 
0.2100 

 
1.0530 

 

CTRY-2 C 0.0110 U 0.0110 U 0.0110 U 0.0110 U 0.0110 U 0.0110 U 0.0110 U 0.0110 U 0.0110 U 0.0110 U 0.0110 U 0.0110 U 0.0110 U 0.0110 U 0.0110 U 0.0110 U 0.0110 U 0.0110 U 0.0110 U 
TYLR-1 C 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 0.0057 U 
TYLR-2 C 0.0093 U 0.0093 U 0.0093 U 0.0093 U 0.0093 U 0.0180  0.0180  0.0280  0.0110  0.0093 U 0.0150 

 
0.0093 U 0.0380  0.0093 U 0.0180 

 
0.0093 U 0.0230 

 
0.0270 

 
0.1960  

a Samples were processed (sieved) in the field to make two unique samples. The first sample was sieved to less than 2.0 mm and analyzed for multiple organic compounds (PAHs and phthalates) and total-organic carbon. The second sample was sieved to less than 63 μm and analyzed for metals (copper 
and zinc). 

mg/Kg = milligram/kilogram 

A = Application 

R = Reference 

C = Control 

U = Undetected at the detection limit noted 

ND = no data 
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Table 10. Concentrations of Phthalates Measured in Sediment Samples.a 

Station 
Watershed 

Type 

bis(2-Ethylhexyl)-
phthalate 
(mg/Kg) 

Butylbenzyl-
phthalate 
(mg/Kg) 

Diethyl- 
phthalate 
(mg/Kg) 

Dimethyl-
phthalate 
(mg/Kg) 

Di-n-
butylphthalate 

(mg/Kg) 

Di-n-
octylphthalate 

(mg/Kg) 

EVALSS A 1.2 U 1.2 U 1.2 U 0.25 U 1.2 U 1.2 U 
EVAMS A 2.5 U 2.5 U 2.5 U 0.49 U 2.5 U 2.5 U 
MONT-1 A 0.15 U 0.15 U 0.15 U 0.030 U 0.15 U 0.15 U 
MONT-2 A 2.2 U 2.2 U 2.2 U 0.44 U 2.2 U 2.2 U 
MONT-3 A 2.6 U 2.6 U 2.6 U 0.52 U 2.6 U 2.6 U 
MONT-4 A 0.14 U 0.14 U 0.14 U 0.029 U 0.44 0.14 U 
MONT-5 A 0.24 U 0.24 U 0.24 U 0.049 U 0.56 0.24 U 
TOSH-1 A 0.16 U 0.16 U 0.16 U 0.032 U 0.16 U 0.16 U 
TOSH-2 A 2.0 U 2.0 U 2.0 U 0.40 U 2.0 U 2.0 U 
TOSH-3 A 2.5 U 2.5 U 2.5 U 0.51 U 2.5 U 2.5 U 
TOSH-4 A 1.3 U 1.3 U 1.3 U 0.26 U 1.3 U 1.3 U 
COLIN-1 R ND ND ND ND ND ND 
SIDL-1 R 0.21 U 0.21 U 0.21 U 0.042 U 0.28 0.21 U 
SIDL-2 R 0.14 U 0.14 U 0.14 U 0.028 U 0.30 0.14 U 
SIDL-3 R 0.34 U 0.34 U 0.34 U 0.068 U 0.34 U 0.34 U 
CTRY-1 C 0.89 U 0.89 U 0.89 U 0.18 U 0.89 U 0.89 U 
CTRY-2 C 0.27 U 0.27 U 0.27 U 0.053 U 0.27 U 0.27 U 
TYLR-1 C 0.71 U 0.71 U 0.71 U 0.14 U 0.71 U 0.71 U 
TYLR-2 C 1.2 U 1.2 U 1.2 U 0.23 U 1.2 U 1.2 U 

a Samples were processed (sieved) in the field to make two unique samples. The first sample was sieved to less than 2.0 mm and analyzed for multiple organic compounds (PAHs and 
phthalates) and total-organic carbon. The second sample was sieved to less than 63 μm and analyzed for metals (copper and zinc). 

mg/Kg = milligram/kilogram 

A = Application 

R = Reference 

C = Control 

U = Undetected at the detection limit noted 

ND = no data 
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BIOLOGICAL MONITORING 
Biological monitoring for WY2017 was completed at 18 of the 19 fixed monitoring stations that 
are identified in the Experimental Design section of this document on the following dates: 

• EVALSS 9/1/2017 

• EVAMS 9/1/2017 

• MONT-1 9/13/2017 

• MONT-2 8/30/2017 

• MONT-3 9/20/2017 

• MONT-4 9/20/2017 

• MONT-5 9/20/2017 

• TOSH-1 9/11/2017 

• TOSH-2 8/28/2017 

• TOSH-3 8/28/2017 

• TOSH-4 9/1/2017 

• SIDL-1 9/22/2017 

• SIDL-2 9/22/2017 

• SIDL-3 9/13/2017 

• CTRY-1 9/11/2017 

• CTRY-2 9/11/2017 

• TYLR-1 8/30/2017 

• TYLR-2 8/30/2017 

The COLIN-1 station was not sampled in WY2017 because the channel was dry during the 
scheduled period for biological monitoring. 

The laboratory report for biological monitoring in WY2016 is provided in Appendix Q. Quality 
assurance review documentation for these data is provided in Appendix R. Results from this 
review indicated there were no significant quality assurance issues that would limit the use of 
the data. The indicators computed from these data for use in evaluating stream health are 
summarized in Table 11. 
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Table 11. Computed Biological Indicators for Evaluating Stream Health. 

Station 
Watershed 

Type 
Overall 

Condition 

Benthic Index 
of Biotic 
Integrity 

Total Taxa 
Richness 

Ephemeroptera 
Richness 

Plecoptera 
Richness 

Trichoptera 
Richness 

Clinger Taxa 
Richness 

Long-Lived 
Taxa Richness 

Intolerant Taxa 
Richness 

Percent 
Dominant 

(top 3) 

Percent 
Predator 

Individuals 

Percent 
Tolerant 

Individuals 

EVALSS A Poor 37.0 29 2 6 7 15 8 2 67.3% 10.4% 42.9% 
EVAMS A Fair 53.3 27 3 6 4 14 9 3 48.7% 28.1% 13.4% 

MONT-1 A Fair 51.9 34 5 5 5 13 8 2 42.4% 10.8% 12.6% 
MONT-2 A Very Poor 12.8 24 1 1 2 5 4 0 71.0% 1.8% 6.0% 
MONT-3 A Very Poor 7.4 12 1 1 0 1 2 0 86.4% 0.7% 11.0% 
MONT-4 A Fair 49.2 32 5 5 6 14 6 2 52.2% 10.2% 5.8% 
MONT-5 A Fair 41.7 38 5 6 6 14 4 2 61.6% 4.2% 18.2% 
TOSH-1 A Poor 29.4 25 3 4 5 9 5 0 64.8% 5.5% 4.4% 
TOSH-2 A Poor 23.9 22 2 3 4 10 4 0 63.2% 27.1% 49.4% 
TOSH-3 A Very Poor 13.4 24 2 2 4 8 4 0 65.0% 6.2% 49.6% 
TOSH-4 A Very Poor 9.1 23 2 2 3 6 2 0 80.2% 1.2% 27.4% 
COLIN-1 R ND ND ND ND ND ND ND ND ND ND ND ND 
SIDL-1 R Fair 51.4 30 3 5 6 13 9 3 50.3% 15.6% 14.7% 
SIDL-2 R Fair 45.9 35 7 3 2 15 8 4 48.9% 3.8% 18.6% 
SIDL-3 R Fair 46.5 27 4 6 5 14 7 2 62.7% 29.7% 20.7% 
CTRY-1 C Very Poor 0.0 12 1 1 0 3 2 0 74.0% 0.0% 44.9% 
CTRY-2 C Fair 43.0 34 4 5 6 11 6 1 48.6% 9.4% 18.0% 
TYL-1 C Poor 20.8 22 2 4 5 9 5 0 68.0% 1.2% 22.2% 
TYL-2 C Very Poor 6.5 13 2 1 0 2 1 0 65.2% 0.2% 25.6% 

A = Application 

R = Reference 

C = Control 

ND = no data 
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